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Introduction


Stora Enso in brief


• Stora Enso is a forest products company 
producing newsprint, magazine and fine 
papers consumer boards industrialpapers, consumer boards, industrial 
packaging and wood products


• 12.7 million tonnes of paper and board / 
year


• 6.9 million m3 of sawn and processed 
wood products / year


• Wood raw material flow ~40 million m3 / 
year


• Sales 2009 EUR 8.9 billion


Image size
128x114mm 100dpi
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• Approximately 27 000 employees in more 
than 35 countries
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Stora Enso / Neste Oil Joint Venture


• 50/50 Joint Venture “NSE Biofuels Oy” to first develop technology and later 
produce next generation renewable diesel crude from wood / forest residuesp g


• First step is a 12 (5) MW test plant in Stora Enso’s Varkaus mill


• Investment decision for a commercial scale plant as soon as enough 
experience from the test plant


• Strong development consortium
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– Joint Venture partners:


– Testing & research partner:


– Gasification supplier and R&D partner:


Bioenergy & biorefining fit into the integrated business 
model of the forest products companies


Sawlogs Wood products


Wood 
& biomass 
growing, 
sourcing


& logistics


Pulpwood Pulp, Paper, Board


Energy integration


By-
products, 
Residues
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Biomass, e.g. 
forest residues


Energy, Biofuels etc.


gy g
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Renewable diesel production 
in connection to P&P mill


Bark
boiler


Power,
Heat BiopowerPaper 


Pulp & Paper 
Mill


BTL 


Mill residue
Wood


handling


boiler


Power
Steam


Pulp


W
oo


d


Biofuel
(FT wax)
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production
line


RefineryRenewable diesel


Drivers Supporting Lignocellulose 
Based Renewable Diesel


1. Climate change
• Renewable diesel made from lignocellulosic feedstocks like wood residues by• Renewable diesel made from lignocellulosic feedstocks like wood residues by 


Biomass to Liquids (BTL) is very greenhouse gas (GHG) efficient meaning low CO2


emissions in the whole chain


• GHG balance is expected to have a direct impact to the price level


2. Feedstock availability and sustainability
• Lignocellulosic feedstocks have to be taken into use as the present farming based 


biomass is not sufficient for the targeted growth 


• Strong pressure to find non-food raw materials
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3. Product quality
• Cleaner tailpipe emissions targeted


• Properties of renewable diesel made by BTL process are comparable or above
conventional diesel


• Automotive companies desire BTL, quality and compatibility are better than with 
FAME-biodiesel (= Fatty Acid Methyl Ester)
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NSE Biofuels – a Joint Venture of Stora Enso and Neste Oil


Stora Enso and Neste Oil: 
Phases of the Joint Venture


Phase 1 (Decision March 2007)
- Build a test plant at Stora Enso’s Varkaus 


Mill


- Millions of euros will be invested in R&D 
on the project over a number of years


Phase 2 (Decision pending)
- Build a commercial, full-scale production 


plant


Phase 3 (Decision pending)
- Expand production
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Stora Enso and Neste Oil: 
Phase 1


• test plant at Stora Enso’s Varkaus mill in 
Finland


• Develop steam/oxygen gasification and• Develop steam/oxygen gasification and 
new gas purification technology 


• Gasifier is supplied by Foster Wheeler


• Building work at site started in March 2008


• Start of tests in mid 2009


• Aim to gather experiences for the 
commercial plant phase
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BTL Development
Partnership Structure


Paper mill Heat


Bio based 
crude wax
to refining
100 000 t/a


Gasification


Gas 
purification


to Ultra
Clean
Gas


Fischer –
Tropsch


Synthesis
Drying Refinery


Renewable 
diesel to 
markets


Forest biomass
1 million m3/a
(500 000 t/a)
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NSE Biofuels OyStora Enso Neste Oil







7


Gasifier


Lime
kiln


Biomass
SiloKuivur


i


Dryer 12 MW
Gasifier


1. Commissioning as lime kiln gasifier
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5 MW
Gas cleaning


and FT


2. Testing period as O2/H2O gasifier,
gas cleaning, FT tests


3. Return to lime kiln gasifier


NSE Biofuels Oy – Varkaus Test Plant
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Stora Enso and Neste Oil: 
Phase 2


• Build a commercial, full-scale production 
plant


• Probable size 100 kt/a (2 000 bbl/d)• Probable size 100 kt/a (2,000 bbl/d) 
biofuel


– Raw material sourcing area


– Heat intergation


• At a Stora Enso mill, potentially in Finland


• Decision after adequate experience from 
Phase 1


2 June 2010Development of BTL technology for woody biomass 15


Stora Enso and Neste Oil: 
Phase 3 – Expansion of Production


• Expand commercial production


• At Stora Enso mills globally


C titi it ti ill b i l f th• Competitive situation will be crucial for the 
decisions


– Availability and political acceptance of 
feedstocks


– Ability to compete for feedstock


– GHG calculation methods and comparison 
to competition


– Competitiveness against other emerging 
technologies like massive production of 
algae oil for HVO process or cellulosic 
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g p
ethanol


>> Cost vs. Value
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Advantages of gasification as a platform technology


• Opportunity for multiple feedstocks
– Not dependent on single material
– Wood / forest residues, waste wood, waste, grasses, bagasse etc. as opportunities, , , g , g pp
– Improves the opportunities for volume ramp-up and cost control
– Improves the global applicability


• Opportunity for multiple products
– Syngas as the starting point for many different products
– In addition to renewable diesel crude, opportunities include e.g. production of different chemicals, 


alcohols, polymers and synthetic natural gas – all bio-based


• Efficiency, utilizing all raw material 
(e g s fermentation of s gars onl )
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(e.g. vs. fermentation of sugars only)


Towards cost effective commercial scale BTL – key 
areas


• Biomass feedstock
– Sourcing & Logistics


Competitive uses for biomass– Competitive uses for biomass


– Sustainability


• Technology development
– Gas reforming & cleaning


– Full solution optimization


• Heat integration, efficiency
– Stabile, large heat sinks
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• Regulatory environment
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Conclusions


Summary 


• The Biorefining & Bioenergy opportunities are very significant


• The forest industry has significant strengths to build on


• There are risks in technology development but NSE Biofuels is a strong 
consortium with good prospects to develop a successful and sustainable BTL 
business


• Both the technology development as well the development of infrastructure and 
raw material management are vital sustainability and volume ramp up
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raw material management are vital – sustainability and volume ramp-up 
capability of biorefining
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Thank you!
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Techno-economics of the Production of Mixed Alcohols 
from Lignocellulosic Biomass via High-Temperature 
Entrained Flow Gasification


Abhijit Dutta
Richard Bain
Mary Biddy


NREL is a national laboratory of the U.S. Department of Energy Office of Energy Efficiency and Renewable Energy operated by the Alliance for Sustainable Energy, LLC


June 2, 2010


Overview


• Background


• Process Flow Diagram


• Assumptions


• Results
• Base Case
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• Sensitivity Studies


• Questions
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Background – 2012 Targets


• DOE target to produce cost-competitive 
th l i th h i l iethanol via thermochemical conversion


– By 2012


– At a pilot scale


– From lignocellulosic biomass


– Research targets primarily in the areas of:
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Research targets primarily in the areas of:
• Syngas cleanup


• Alcohol synthesis


Background – Previous NREL Studies


• Indirect gasification process


• Dry ash direct gasification


• Based on publicly available data, so 
better performance not captured ifbetter performance not captured if 
proprietary


• Do not claim to have the most optimal 
design


• Entrained flow slagging gasifier study 
is the third in the series


http://www.nrel.gov/docs/fy
07osti/41168.pdf
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• All processes are energy neutral


• Tradeoff between gas cleanup and 
costs of higher temperature


• Focus of this presentation is on this 
process, not on comparison http://www.nrel.gov/docs/fy


09osti/45913.pdf
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High vs. Low Temperature Gasification


High Temperature Entrained


 Requires smaller particle size


 High capital cost because of high temperaturesHigh capital cost because of high temperatures


 Low tars


 Low methane


 Less gas cleanup and conditioning


 Need fluxing agent to melt ash to form slag


 Low residual carbon after gasificationg


 Equilibrium assumptions valid


Low Temperature Gasification


 Cannot go above melting point of ash
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Short Overview of Gasifier Types Studied


• Indirect gasifier


• Direct low temperature (dry ash) 
gasifier


• Entrained flow slagging gasifier 
(high temperature)( g p )
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Indirect Gasifier


Flue Gas


Syngas
Conditions in Model


1633°F (890°C)


Biomass


Gasifier Combustor
• 1633°F (890°C)


• 23 psia (1.6 bar)


• Tars 0.2 mol% (dry basis 
– BCL data correlations)


National Renewable Energy Laboratory                                                                                         Innovation for Our Energy Future


Steam Air


*Schematic adapted from Gasification by Higman & Burgt


• 0.4 lb steam/lb dry 
biomass


• No O2 needed


Direct Low Temp.(Dry Ash) Gasifier


Syngas
Conditions in Model


Biomass


Gasifier • 1600°F (871°C)


• 438 psia (30.2 bar)


• Tars 0.4 mol% (dry 
basis – IGT data 
correlations)*
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Steam


Oxygen
correlations)


• 0.2 lb steam/lb dry 
biomass


*Scope for improvement in dry ash direct case based on updated data
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Entrained Flow Slagging Gasifier (Shell)
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*Shell Gasifier from Gasification by Higman & Burgt
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RecycleSteam
System


Alcohol
Synthesis


Cooler
Flash


Synthesis 
off gas
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Mixed 
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Financial Assumptions


• Discounted Cash Flow analysis


• 10% rate of return


• Minimum Ethanol Selling Price (MESP) in 2007$


• 7 years plant recovery period


• Depreciation : 200% DDB


• 20 years steam plant recovery period


• Installed cost = 2.47 (average) * Purchased 
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Equipment


• Lang factor (Project Investment/Equipment Cost) = 
3.3


• Nth plant assumption


Feed Assumptions


• $50.70/dry ton§ (2012 target)


• Dried from 50% to 5% moisture• Dried from 50% to 5% moisture 
in the plant


• Size reduction to < 1mm
– Grinding cost 80 kWh/dry tonne*


• Piston feeding system†


– CO2 leak 0.1m3/ton


CO i 0 5kW /MW


Wood (dry wt %)‡


Carbon 50.88


Hydrogen 6.04


Nitrogen 0.17


Sulfur 0.09


Oxygen 41.90
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– CO2 compression 0.5kWe/MWHV


– Piston feeder : 8 kWe/MWHV


Ash 0.92


§ Multi-Year Program Plan, OBP, DOE, 2009
*BTG Biomass FAIR-CT96-3203, July 2001
† Van der Drift et al. ECN-C-04-039, 2004‡ Phillips et al., NREL/TP-510-41168, 2007
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Gasifier Assumptions


• Many model parameters from 
NETL Shell gasifier IGCC 
process for coal*


Syngas


Quench 
Gas


• Heat loss is 3% of the LHV of 
biomass


• Products assumed at equilibrium 
(50°C approach)


• 33 atm (480 psi) and 1300°C


• Direct quench with recycled gas


Biomass


Transport 
CO2


Steam


Gas
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• Direct quench with recycled gas 
to 900°C to avoid ash fouling


• Steam added = 3 wt% of feed


• O2 supply maintains temperature


O2


Slag
*Shell Gasifier IGCC Base Cases, PED-IGCC-98-002


Gasifier Temperature Effect*


0,3


0,35


80


90


100


CGE (86% to 75%)


*For conditions and assumptions specified in this study
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0


0,05


0


10


900 1000 1100 1200 1300 1400 1500


%CH4 (10.4% to 0%)


Temperature °C
• Equilibrium calculations do not show tar, but are expected at lower temperatures
• Higher temperatures good for lower methane, tars and slag flow
• Higher temperatures reduce efficiency
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Slag Assumptions*


• Fluxing agent 0.9 kg/kg ash in the biomass


• Slag flow = 6 wt% of biomass• Slag flow = 6 wt% of biomass


• Slag recycle to make up for slag (ash) deficit in 
biomass


• Base case of this study assumes that slag can be 
sold to make up cost of fluxing agent


National Renewable Energy Laboratory                                                                                         Innovation for Our Energy Future


*Van der Drift et al. ECN-C-04-039, 2004


Air Separation & Gas Conditioning Assumptions


• 305 kWh/tonne* of 95% pure O2


• Water gas shift (WGS)• Water gas shift (WGS)
• To get to specified H2:CO ratio


• Part of the scrubbed gas stream


• Assumes approach to equilibrium†


• Sulfur tolerant catalyst


• Acid gas removal‡


• Monoethanolamine (MEA) for H S and CO• Monoethanolamine (MEA) for H2S and CO2


• CO2 removed to 5%


• Sulfur produced in LO-CAT system
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*Tijmensen et al. Biomass and Bioenergy, 23, pp.129-152, 2002
†Meijer et al. Unit Operations in Biomass Gasification, 2002
‡ Phillips et al., NREL/TP-510-41168, 2007
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Alcohol Synthesis Assumptions*


Reaction Parameters used in Model


Temperature 300°C (572°F)( )


Pressure 6.8 MPa (1000 psi)


H2:CO 1.0-1.2


CO2 5%


Sulfur 50 ppmv


Catalyst Performance


CO Conversion (per pass) 60%


Total Alcohol Selectivity 90%


GHSV 4000 h-1


Catalyst Alcohol Productivity 600 g/kg-cat/h
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*Phillips et al. NREL/TP-510-41168, 2007


Cost Distribution* (Base Case)


Feedstock


Feed Handling & Drying


Capital Recovery Charge Catalysts, Raw Materials, & Waste Process Electricity
Electricity Generated Co-Product Credits Fixed Costs


10.8%


33.2%


 Gasification


Fuel Combustion; Shift; 
Acid Gas Removal


Alcohol Synthesis - 
Compression


Alcohol Synthesis - 
Other


 Alcohol Separation


25.8%


11.4%


2.5%


-6.0% (Net)


2.1%
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Steam System, Power 
Generation


 Cooling Water & Other 
Utilities


 Air Separation Unit


-15% -10% -5% 0% 5% 10% 15% 20% 25% 30% 35% 40%


2.3% (Net)


2.1%


15.8%


$0.63/liter MESP


($2.40/gallon)


*2007 dollars, feedstock cost $50.70/dry ton


$2.40/gallon
($0.63/liter)
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Capital Cost Distribution
Total Installed Capital 
Cost = $267MM


$57MM


$92MM


$57MM
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Energy Usage/Dissipation (LHV Wood)


Feed LHV = 430 MW


Products = 38%
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Power (Electricity & Steam)


Others
5%


Total Power = 41.5 MW


Feed 
Grinding


16%
Piston & CO2
Compression


8%


Oxygen 
Compressor


Air Coolers & 
Pumps


10%


Overhead
2%


Syngas 
Compressor


15%


7%Main ASU 
Compressor


34%


Combustor Air 
Blower


3%
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Assuming 36% efficiency to produce the power, 27% biomass LHV used


Non-Power Steam Duty (% Feed LHV)


Distillation; 
Gasifier


Steam Usage = 28% of Feed LHV


2,66%
Gasifier 


Steam; 0,54%


Sulfur 
Removal 
Preheat; 
0,02%


Amine 
System; 
24,48%
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Sensitivity Analysis


• Covers uncertainties in assumptions


• Allows identification of areas of biggest 
impact from research
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• Wood: $2.40/gallon


• Corn Stover: $2.32/gallon


• Lignin: $1.85/gallon


Ethanol = 63.6, Mixed Alc.=75.8 gal/t


↓ Lower grinding power & moisture 
↑ Higher ash, lower carbon


↓ Higher carbon content
↑ Higher ash content
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Feed Handling Sensitivities
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*Lock Hopper conditions: 0.02 kWe/kWHV compression, 2 m3/ton CO2 leak
Van der Drift et al., ECN-C-04-039, 2004


M
E G
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Gasifier Sensitivities
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Air Separation Sensitivities
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Alcohol Synthesis Sensitivities
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Alcohol Synthesis CO Conversion*
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Financial Parameters
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Other Sensitivities


• Use of noble metals in synthesis catalyst can 
increase costs significantlyincrease costs significantly


• Operating synthesis reactor at 2000 psi, 
instead of 1000 psi will increase cost by 
about 4%


• 90% on-stream time will increase costs by 
about 5% from base case (96% assumed)about 5% from base case (96% assumed)


• Direct recycle of off-gas from synthesis has a 
negative impact on the cost


National Renewable Energy Laboratory                                                                                         Innovation for Our Energy Future


Conclusions


• Main cost drivers in this process
• Gasifier capital cost


Ai ti t• Air separation cost


• Feed preparation (grinding) cost


• Advantage
• Get relatively clean syngas with minimal 


downstream processing compared to lower 


National Renewable Energy Laboratory                                                                                         Innovation for Our Energy Future


p g p
temperature gasification


• Quantification of costs show that 
indirect gasification is economically 
favorable* (*if we hit our research targets)
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Conclusion - MESP from 3 Studies
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Thermo-economics of SNG production


IEA Task 33 Workshop, Advanced Biofuels, 2 June 2010, Helsinki


Techno-economics of 
biofuel processes for synthetic natural gas 


(SNG) production


Paul Scherrer Institut , 5232 Villigen PSI 1S. Biollaz


Serge Biollaz


Paul Scherrer Institut (PSI)


Thermo-economics of SNG production


Outline


• Introduction


• Key technologies for SNG production


• Thermo-economic sensitivity analysis for SNG production


Paul Scherrer Institut , 5232 Villigen PSI 2S. Biollaz


• RD&D activities in Güssing on SNG production


• Summary.
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Thermo-economics of SNG production


Introduction


Paul Scherrer Institut , 5232 Villigen PSI 3S. Biollaz


Thermo-economics of SNG production


Paul Scherrer Institut , 5232 Villigen PSI 4S. Biollaz
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Thermo-economics of SNG production


Value chains approach of EBTP
Conversion paths based on thermochemical, biological and chemical processes


= gasification


= fuel synthesis


Paul Scherrer Institut , 5232 Villigen PSI 5S. Biollaz


Conversion paths based on thermochemical processes  Main markets 


1. Synthetic fuels / hydrocarbons from biomass via BMG renewable transportation fuels for jet and diesel engines 


2. Bio-methane and other gaseous fuels from biomass via BMG  substituting natural gas and other gaseous fuels 


3. High efficiency power generation via gasification of biomass heating, power, electric vehicles 


4. Bioenergy carriers from biomass via other thermochemical 
processes like pyrolysis, torrefaction etc. 


fuels for heating, power generation or intermediate for 
further upgrading into transportation fuels 


 


Thermo-economics of SNG production


Status 2009 renewable methane Injection
Political Targets EU, communicated from E.ON


• ~10% renewable methane in 2030
(DE) 6 billion m3 in 2020


10 billion m3 2030


(UK) 5 - 15% biomethane 2020


(SE) 2 billion m3 in 2020Customer
demands


Security
of supply


CO2-reduction


Targets for
Renewables


Energy 
efficiencyRegulation


Paul Scherrer Institut , 5232 Villigen PSI 6S. Biollaz


• 10% renewable methane in 2030


• corresponds to 55 billion m3/year methane 
(550 TWh/year = 70 GWSNG)


• investment volume of + 60 billion €


(NL) 15- 20% biomethane 2030
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Thermo-economics of SNG production


Opportunity for a considerable increase of bioenergy use
End users are getting access to bioenergy via a dense distribution network


wood


grass
straw


algea


• Energy crops
• Black liquor


Paul Scherrer Institut , 5232 Villigen PSI 7S. Biollaz


European NG grid (25 … 70 bar)
Gas Infrastructure Europe: www.gie.eu.com


1st generation (biogas) &
2nd generation (via syngas)
3rd generation (from algea)


q
• sludges
• …


Thermo-economics of SNG production


Example of local availably of woody biomass: Case Germany
Influence on site-selection and scale of woody biomass-to-SNG plant


Logging Residues: Wood processing industry Landscape management 
94.4 PJ/a by-products: 18.5 PJ/aresidues: 1.4 PJ/a


Paul Scherrer Institut , 5232 Villigen PSI 8S. Biollaz


100 PJ/a corresponds either to several 10th unit of 30 MWth or a few plants of 200 MWth
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Thermo-economics of SNG production


Key technologies for SNG production


Paul Scherrer Institut , 5232 Villigen PSI 9S. Biollaz


Thermo-economics of SNG production


P  T t  H /CO C iti  


Initial conversion: biomass gasification 
Mayor differences in gasification for SNG production: pressure & gas composition


Pressure Temperature H2/CO Composition Gasification 
technology [bar] [°C] [-] [LHV-%] 


Indirect CFB 1 900 .. 1.5 ..  


BFB  CFB 1  30 850  950  1 6   


CH4


C2Hx


H2


CO


CH4


C2Hx


Paul Scherrer Institut , 5232 Villigen PSI 10S. Biollaz


BFB, CFB 1 … 30 850 … 950 .. 1.6 ..  


Entrained flow 5 … 80 1000 … 1300 0.6 …1.0  


 


H2


CO


CH4


C2Hx


H2


CO
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Thermo-economics of SNG production


Carbon- and sulphur containing impurities in raw gases 
Issue for gas cleaning: Generic topic for liquid and gaseous biofuels synthesis 


SS


mercaptanes


thiophenes Low temperature 
gasification: 
(800 - 900 °C)


Fluidized bed gasification


Paul Scherrer Institut , 5232 Villigen PSI 11S. Biollaz


C1 C2 – C5 BTX >C7 (tars)


C
H2S


COSHigh temperature 
gasification: 


(1200 - 1600 °C)


Entrained flow gasification


Thermo-economics of SNG production


Final conversion: fuel syntheses via FT processes
Liquid and gaseous fuel production


Haldor Topsoe, Lurgi [Ni] Sasol [Fe, Co] Shell [Co]


0.4


0.6


0.8


1.0


uc
t W


ei
gh


t F
ra


ct
io


n


CH4


C2-C4
C5-C11


C41-C250


C19-C40


General: n CO + (2n+1) H2  CnH(2n+2) + n H2O  


Methane:           CO + 3 H2   CH4 + H2O 


Gasoline:      8 CO + 17 H2   C8H18 + 8 H2O 


Diesel:         12 CO + 25 H2   C12H26 + 12 H2O 


 


C1-C4:  SNG 
C5-C11:  Gasoline 
C12-C18:  Diesel  


Assumptions:
• Stepwise chain growth (polymerization) by 


addition of monomer
• Chain growth and termination probability are 


Paul Scherrer Institut , 5232 Villigen PSI 12S. Biollaz


0.0


0.2


0.0 0.2 0.4 0.6 0.8 1.0


Chain growth probability,  [-]


Pr
od


u


C12-C18


same for all intermediates


)1(2)1(  n
n nW 


increases with: 
- lower T
- less back mixing
- H2/CO = 2
- choice of catalyst *Scholz-Flurry distribution in FT process


*
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Thermo-economics of SNG production


Equilibrium calculation of SNG production from product gas 
CO conversion (UCO ) and chemical efficiency to SNG (CH4) as a function of p & T
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Interesting for 
indirect gasification


Interesting for 
direct gasification


Paul Scherrer Institut , 5232 Villigen PSI 13S. Biollaz
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[bara]


75


0 10 20 30
[bara]


High pressure is not a prerequisite for SNG production, low temperatures are favourable


Thermo-economics of SNG production


Final conversion: process options for methanation 
Fixed bed and fluidised bed methanation


Fixed Bed Fluidised bedFixed Bed Fluidised bed


+ State of the art 
- Hot spot 
- Formation of  carbon whiskers if C2H4 


present in the feed gas


+ Good temperature control
+ No formation of carbon whiskers if   


BTX and C2H4 is present in the feed gas 
- Attrition resistant catalyst 


required
- Scale-up requires a good


Paul Scherrer Institut , 5232 Villigen PSI 14S. Biollaz


process understanding


Fuel (2010), 89, 8, 1749-2178, J. Kopyscinski, T. Schildhauer, S. Biollaz
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Thermo-economics of SNG production


Thermo-economic sensitivity analysis
for SNG production 


Paul Scherrer Institut , 5232 Villigen PSI 15S. Biollaz


Thermo-economics of SNG production


SNG Wood


Process units for conversion of wood/dry biomass to SNG
Conventional thermo-chemical pathway 


Gasification Methanation
Gas conditioning for 
the natural gas grid


S, Cl, dust, etc. CO2, (H2)


SNG Wood
Gas cleaning &
- conditioning


Process superstructure


Paul Scherrer Institut , 5232 Villigen PSI 16S. Biollaz


Biomass and Bioenergy. 2009, 33, 1587 – 1604, M. Gassner, F. Maréchal
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Thermo-economics of SNG production


Techno-economic optimization of 20 MWth bioSNG plants
Pareto-optimal solutions of all examinated process configurations


Paul Scherrer Institut , 5232 Villigen PSI 17S. Biollaz


Dissertation , M. Gassner (2010)


Thermo-economics of SNG production


Best configuration for cluster “CFB” 
Pressurized, O2/steam gasification


Gasification: 29 bar, 800°C


Methanation: 29 bar, 300 – 375 °C


Paul Scherrer Institut , 5232 Villigen PSI 18S. Biollaz


Dissertation , M. Gassner (2010)
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Thermo-economics of SNG production


Investment and production costs for 20 MWth bioSNG plant
Production costs of SNG dominated from wood fuel costs 


Total investment cost [M€] Production costs [€/MWhSNG]Total investment cost [M€] Production costs [€/MWhSNG]


Paul Scherrer Institut , 5232 Villigen PSI 19S. Biollaz


Biomass and Bioenergy. 2009, 33, 1587 – 1604, M. Gassner, F. Maréchal


Thermo-economics of SNG production


RD&D activities in Güssing 
on SNG production


Paul Scherrer Institut , 5232 Villigen PSI 20S. Biollaz
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Thermo-economics of SNG production


model 20 MW demo plant


Starting point for SNG research work at PSI in year 2000
SNG production from coal syngas with fluidized bed methanation


Status in 1985 model 20 MWSNG demo plantStatus in 1985 
when RD&D work 
was stopped:


20 MWSNG in Hüls:
Operational experience 
for more than 3000 h 
at H2/CO = 3, 30 bar.


Paul Scherrer Institut , 5232 Villigen PSI 21S. Biollaz


2 ,


1 kWSNG in Karlsruhe/EBI*:
Proof-of-principal for 
H2/CO = 1 with addition of 
steam at 1 bar.


Hüls, 1985* Engler-Bunte-Institut


Thermo-economics of SNG production


SNG RD&D work in Güssing
First slip stream tests on 2 kW-scale in 2003


separation


Güssing CHP plant, 2004


Paul Scherrer Institut , 5232 Villigen PSI 22S. Biollaz


1 MWSNG PDU consists of several sections:


• gas pre-treatment
• methanation


• SNG purification (H2/CO2 separation)
bioSNG PDU, 2008
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Thermo-economics of SNG production


Pilot and Demonstration plant, Güssing
Block flow diagram: Wood-to-SNG, Design Freeze of PDU in 2006


Gasification


Wood
Gas


Cleaning


Flue gas
Treatment


Gas Engine


Ash


Power


Flue gas


H2 Recycle Streams


Paul Scherrer Institut , 5232 Villigen PSI 23S. Biollaz


SNG Fuelling 
Station


Bio-SNG Fuel


Commercial 
installation


Gas
Treatment


Methanation
SNG


Purification


CO2 + H2S / Heavy HC CO2 Product (to substitute N2)
PDU 


installation


Thermo-economics of SNG production


Results of long duration tests on 10 kWSNG pilot scale
Input data for the design of 1 MWSNG PDU
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Hypothesis for catalyst deactivation:
Most probable reason is sulphur
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Hypothesis confirmed:
With low sulphur concentration one 
can reach long catalyst life time
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Thermo-economics of SNG production


Operation dynamics of 1 MWSNG PDU 
Example of start-up and shut-down of methanation plant


Start-up: 30 min Shut-down gasifier
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0
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-5


C
H gas quality


• Plant is load 
flexible


0 10 20 30 40 50 60 70
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0.0


1.0


Operation hours [h]


Thermo-economics of SNG production


Results of the PDU 
Most important technical outcome of EU DG-TREN Project “BioSNG”


December 2008
• December 2008: First conversion of 


product gas into rawSNG


• June 2009: bioSNG at Natural Gas 
quality produced


• June 24th: inauguration – CNG cars were 


ece be 008


Paul Scherrer Institut , 5232 Villigen PSI 26S. Biollaz


g
fuelled using bioSNG from wood


• June 2009 CNG-car was successfully 
used for 1000 km with bioSNG.
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Thermo-economics of SNG production


Summary


Paul Scherrer Institut , 5232 Villigen PSI 27S. Biollaz


Thermo-economics of SNG production


Summary


/ f S G f f• Energy and/or heat integration of SNG plants is much easier than for liquid biofuels 
value chains


• Scale for biomass-to-SNG plant is probably determined by biomass supply chain


• Analysis has shown that gasification technology is the most distinctive and critical 
choice that dominates the entire biomass-to-SNG process design


• The developed model of EPFL suggests that pressurised, steam/oxygen gasification 
outperforms allothermal gasification at ambient pressure with respect to efficency and 


Paul Scherrer Institut , 5232 Villigen PSI 28S. Biollaz


outperforms allothermal gasification at ambient pressure with respect to efficency and 
investment cost. 


• A 1 MWSNG PDU has successfully been commissioned. There are strong evidences 
that fluidised bed methanation technology is quite robust towards bulk gas composition 
for SNG production
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Simulation Studies for BTL


Serhat Gül
TUBITAK MRC, Energy Institute, Kocaeli,Turkey


• Aim of the study


• Alternative technologies and Operational parameters


Presentation Outline


• Simulation methods of subsystems ( gasifier, gas cleaning, gas conditioning, FT )


• Simulation Results
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Aim of the study


The aim of the study is;


-Comparing the different technologies with respect to performance of a CTL/BTL process,
-Comparing the different operational parameters with respect to performance of a CTL/BTL process,
-Determining the mass&energy balance of the whole system with its subsystems,


for pilot scale CTL/BTL plant that is designed and constructed at MRC.


3


Alternative Technologies 


GAS CLEANING TYPE 
ALTERNATIVE TECHNOLOGIES 


GASIFIER TYPE
HOT GAS CLEANING COLD GAS CLEANING  


GASIFIER TYPE


FLUIDIZED BED K1 K2 


STAGED FLUIDIZED BED K3 K4 


B
E


F
O


R
E


 F
T


 


ENTRAINED BED K5 K6 


FLUIDIZED BED K7 K8 


2 
S


E
P


E
R


A
T


IO
N


 T
Y


P
E


 


 F
T


  


Table shows the possible alternative subsystems technology matrix which have to be examined for
determination.


STAGED FLUIDIZED BED K9 K10 C
O


2


A
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T
E


R


ENTRAINED BED K11 K12 
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Alternative oprartional parameters 


1. OPERATINAL PARAMETERS  GASIFIER PRESSURE ( bara ) 


GASIFICATION AGENTS 2 4 6 8 10 12 14 16 18 20 


AIR + STEAM P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 


OXYGEN + STEAM P11 P12 P13 P14 P15 P16 P17 P18 P19 P20 


OXYGEN + STEAM +  CO2 P21 P22 P23 P24 P25 P26 P27 P28 P29 P30 


OXYGEN + STEAM + SYNGAS P31 P32 P33 P34 P35 P36 P37 P38 P39 P40 


OXYGEN + STEAM + FT OFFGAS P41 P42 P43 P44 P45 P46 P47 P48 P49 P50 


 


Table shows the alternative operational parameter matrix which affect both system design (dimension) and
system performance.


2. OPERATINAL PARAMETERS 


Gasifier temperature ( C ) 
 ( depends on ER ) 


800 850 900 950 1000 1050 1100 1150 1200 1250 1300 
        


Alternative oprartional parameters


FT reactor pressure ( bara ) 10 15 20 25                      


H2O/CO ratio at the exit of gasifier  
( depends on the feding steam ) 


0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 1,1 1,2 1,3 1,4 1,5  


Superficial gasvelocity at the gasifier  
@ athmospheric pressure ( m/s ) 


1 2 3 4 5 6 7 8 9 10 11 12       


H2/CO ratio before FT   0,7 0,8 0,9 1 1,1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9 2,0 2,1 


Fuel feding capacity ( kg/h ) 100 150 200 250 300 350 400                 


F l ti l i ( ) 0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 1 2 3 4 5 6Fuel particle size ( mm ) 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 2 3 4 5 6 


 


Table shows the alternative operational parameter matrix which affect just the performance of the system.
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Performance ( output ) of the system


Analyzed System Outputs 


1 – Liquid fuel efficiency ( % ) 


2 – Electricity load ( % ) 


Liquid fuel efficiency ( % ), is the ratio of the total LHV of the product liquid fuel to the total LHV of the
input fuel (coal&biomass).


3 – Amount of waste heat ( % ) 


4 – Avarage quality of waste heat ( °C ) 


5 – Gasifier throughput ( MWfuel/m
2 ) 


6 – Syngas composition at the exit of gasifier ( mol % ) 


Electricity load ( % ), is the ratio of producing/consuming electricity load to the total LHV of the input fuel.


Amount of waste heat ( % ), is the ratio of producing waste heat to the total LHV of the input fuel.


Simulation methods


Engineering simulation software tool Aspen HYSYS is used for steady state flow regime analyze.
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Simulation methods ( gasifier )


Gasifier Simulation Flow Diagram


For gasification process of selected fuel (Soma-Turkish lignite), Gibbs reaction model has been usedFor gasification process of selected fuel (Soma Turkish lignite), Gibbs reaction model has been used
obtaining thermodynamic equilibrium conditions.


Heat loss is assumed as 3% of heat capacity of feeding fuel.


Carbon conversion ratios have been assumed as 95 % and 98 % for fluidized and entrained bed gasification
systems respectively.


The set parameters considered in the simulations are the fuel feeding capacity, gasifier temperature and
H2O/CO ratio of syngas.


Feeding rates of O2 and H2O have been adjusted according to the defined set parameters.


Simulation methods ( gas cleaning )


Gas Cleaning Simulation Flow Diagram


At the gas cleaning stage there are 5 different gas cleaning nits hich are the remo al of H2S nitAt the gas cleaning stage, there are 5 different gas cleaning units which are the removal of H2S unit,
cracking/reforming unit for tar and methane, HCl removal unit, particulate removal and finally H2S guard unit.


There is no need to define reaction mechanism for each gas cleaning reactor, because gas cleaning section
does not have major effect on system performance ( in terms of mass&energy balance ).


Impurities in the gas stream are removed with assumed percentage.


The temperature requirement of the gas stream is important and it has to be held at desired level for each gas
cleaning reactor.
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Simulation methods ( gas conditioning )


Gas Conditioning Simulation Flow Diagram


90% f th CO2 t t f th i d t CO2 l it h th ti h i i t90% of the CO2 content of the gas is removed at CO2 removal unit where the reaction mechanism is not
defined.


WGS reaction temperature is held at 450 °C and adjust the H2/CO ratio as 2,1 for FT requirement.


At the end of gas conditioning section, where the temperature of the gas has the lowest value, syngas has to
be compressed to the level of FT reactor requirements which is minimum 20 bars.


Simulation methods ( FT )


FT Simulation Flow Diagram
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FT process consists of reactor itself, off gas condenser unit and off gas turbine for electricity generation.


Conversion reactor model is used for FT reactions with 20 bars operation pressure and 260°C operation
temperature.


The CO conversion is assumed 80% and Anderson-Schulz-Florry(ASF) approach is used for determining the
product distribution of the liquid fuel.


The liquid product compose of CnH2n+2 molecules, where n is in the range of C1 to C30.


n


 ( C nH2n +2 )
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Simulation Results


CONFIGURATIONS


OUTPUTS @ 2 BARA GASIFIER PRESSURE


Liquid Fuel 
Efficiency (%)


Electricity Load 
(%)


Amount of Waste 
Heat  (%)


K1 (O2 + Steam) 42,1 -3,0 41,9


K2 (O2 + Steam) 42,1 -2,8 41,7


K3 (O2 + Steam) 41,6 -2,8 37,5


K5 (O2 + Steam) 38,6 -3,6 48,2


K7 (O2 + Steam) 38,3 -2,4 48,4


K1 (Air+ Steam) 29,5 -1,0 57,2


K1 (O2+ Steam + CO2) 40,7 -3,4 43,6


13


K1 (O2+ Steam + Syngas) 37,5 -3,5 49,0


K1 (O2+ Steam + FT Offgas) 46,5 -5,9 42,4


Simulation Results


CONFIGURATIONS


OUTPUTS @ 20 BARA GASIFIER PRESSURE


Liquid Fuel 
Efficiency (%)


Electricity Load 
(%)


Amount of Waste 
Heat  (%)


K1 (O2 + Steam) 43,4 2,4 36,8


K2 (O2 + Steam) 43,5 2,3 36,8


K3 (O2 + Steam) 42,5 2,4 32,4


K5 (O2 + Steam) 39,3 1,4 44,2


K7 (O2 + Steam) 39,8 4,3 41,4


K1 (Air+ Steam) 33,7 10,8 47,6


K1 (O2+ Steam + CO2) 41,5 2,1 38,9


14


K1 (O2+ Steam + Syngas) 38,8 1,5 43,1


K1 (O2+ Steam + FT Offgas) 48,7 0,1 36,0
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Simulation Results


Pilot Scale CTL/BTL plant Energy Balance @ ( 2 bara )
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Simulation Results 


Gasifier pressure effects; @ oxygen + steam gasification.


Liquid fuel efficiency Electricity load


Throughput Syngas composition
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Thank You…
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VTT TECHNICAL RESEARCH CENTRE OF FINLAND


Large-scale CFB and BFB Gasification
from Power & Heat to Syngas applications


Esa Kurkela, VTT, Finland


Air-blown CFB and BFB gasifiers in commercial use
• Fuel flexible and robust gasifiers (boilers and kilns)


• Gas cooling and filtration developed for biomass and waste fuelsg p


• IGCC development in 1990’s: gasification at 20 bar & hot filtration


• Catalytic reforming of tars for syngas applications


Industrial development projects for syngas
• NSE Biofuels together with Foster Wheeler and VTT


 VTT PDU=>12 MW demo=>industrial plant
• UPM together with Andritz and GTI


 GTI pilot tests, industrial plant in planning phase


Fuel-Flexible
Fluidised-Bed
Gasification
-steam/oxygen
-pressurised


Gas Cleaning 
- tar & hydrocarbon


reforming
- chlorine & metal
removal & filtration


- dirty shift


Ultra Cleanup
-sulphur, NH3, HCN, 


halides, etc.
- conventional


processes available,
optimisation needed


FT-diesel
CH3OH


Hydrogen
SNG              


clean fuel
gas to fuel 
cells


Fuel-Flexible
Fluidised-Bed
Gasification
-steam/oxygen
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New innovative technology


• Present pilot/demo projects
huge investments on
biomass gasification R&D


• Success and Economics of
BTL projects in 2015?


• New technologies for
power and heat applications


•Simplified solutions


VTT TECHNICAL RESEARCH CENTRE OF FINLAND


Efficiencies with Industrial-Heat Production
Efficiency = 100 x [LHV-energy of main product + high-grade byproduct energy –


{electricity / 0.4}] / [LHV-energy of as-received feedstock]
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VTT TECHNICAL RESEARCH CENTRE OF FINLAND


Critical R&D issues of biomass gasification


• Ash behaviour and fuel reactivity of different biomass feedstocks with


Fundamental gasification R&D in 2008-2010


y
respect to different gasification processes (limits for real fuel flexibility)


• Removal of particulates, alkali-metals and chlorine by hot filtration
(fundamental R&D, industrial-scale design and operation experience)


• Formation and behaviour of tars in gasifiers, gas coolers and filtration
(still a long way to fundamental understanding)


• Removal of tars and ammonia by catalytic high-temperature systems
or by advanced wet scrubbing (i d t i l i & f th R&D)or by advanced wet scrubbing (industrial experiences & further R&D)


• High-quality process simulation and system analysis for
different gasification applications (international co-operation?)


• Robust on-line analytics from R&D labs to industrial gasification plants 
(rapid tar analysis developed by VTT, robust sampling lines and analysers needed) 


http://www.vtt.fi/research/technology/gasification_and_gas_cleaning.jsp
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BioSYNGAS and BECCSBioSYNGAS and BECCS


Bram van der Drift


www.ecn.nl


BECCS
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BECCS


BioEnergy Carbon Capture and Storage 


3


CO2 capture and storage (CCS)
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Source: IPCC Spec. Report, 2005
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Bio Energy with CCS (BECCS)


C i f bi bi / l bl d t• Conversion of biomass or biomass/coal blends to 
electricity/heat/fuels/products combined with CO2


capture and storage


• BECCS potentially leads to negative CO2 emissions, 
i.e. CO2 uptake from the atmosphere through natural 
sequestration of CO2 in biomass
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Source: Rhodes & Keith 2005


BECCS h i ltidi i li ll b ti


BECCS research at ECN


• BECCS research is multidisciplinary collaboration 
between different units:


- Biomass, Coal & Environmental research


- Hydrogen & Clean Fossil Fuels


- Policy Studies


• Research topics:
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Research topics:


- Mapping sources & sinks, LCA, public perception


- Policy measures & incentives


- Assessment conversion routes
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F il f l fi d l t ith CCS lti t l l


Study objectives


• Fossil fuel fired power plants with CCS ultimately only 
mitigate 80-90% of current CO2 emissions


• Bio Energy with CCS (BECCS) offers opportunities for 
net atmospheric CO2 reduction


• CCS combined with production 2nd generation biofuels:


BioSNG, FT-diesel, Bio-ethanol from lignocellulose
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g


• Biofuels cover costs atmospheric CO2 mitigation


• Investigate conundrum: 
low efficiency  high CO2 mitigation


Starting points calculations 


Pl t i 500 MW i t• Plant size ~500 MWth input


• Boundary limit at plant level  No LCA


• Result: Biofuel production w/o CCS  CO2 neutral


• Plants simulated using AspenPlus


• Costing: 


Spring 2009
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- Spring 2009


- Greenfields, overnight


- Nth plant, North-western Europe
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Substitute Natural Gas (SNG) 


9


Efficiency 68%


CO2 emission reduction: 200%
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Fischer-Tropsch
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Efficiency 50%


CO2 emission reduction: 240%


Fischer-Tropsch
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Bio-ethanol from lignocellulose 


Pre-treatment & 
pre-hydrolysis


Hydrolysis & 
fermentation


Distillation & 
Dehydration


Straw 
100% C


Bio-ethanol 
25% C


CHP
CO2


62% C


Lignin & 
residues


Vented
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CO2 capture & 
storage


CO2


13% C


Efficiency 45%


CO2 emission reduction: 150%


Bio-ethanol from lignocellulose 
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Results biofuels with CCS
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Conclusions BECCS 


Effi i i d d ti t• Efficiencies and production costs may vary 
significantly; costs reference fuels determine total 
CO2 abatement costs


• Incremental costs CO2 capture and storage are low; 
CO2 separation must be implemented regardless of 
application CCS
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• CO2 abatement costs for BioSNG and FT-diesel 
competitive with CCS in fossil fired power plants


• Hurdle: adaptation of biomass in 3rd phase European 
Union Emission Trading Scheme (EU-ETS)
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BioSYNGAS SYSTEMS


17


5 t d t i ll 500 MW


BioSyngas: H2 and CO


• 5 systems compared, typically 500 MWbiomass


• Wood (35% moisture, 5 €/GJ) to 


syngas (H2/CO=2 at 30 bar)


• Looking at:


- efficiency


syngas price
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- syngas price


- technology status (maturity)


- CO2 reduction potential (including CCS  BECCS)
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BioSyngas 
systems
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Hi h ffi i ll


BioSyngas


• High efficiency generally means:


- low syngas costs


- technical maturity is low


- CO2 reduction potential (incl. CCS) is low


• So this is a difficult choice
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• So this is a difficult choice…


BioSyngas  
ECN is working on different issues


also for BioSNG starting up with NREL
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MILENA
indirect gasification


 low-N2 
producer gas 


flue gas 


pyrolysis 
in riser 


BFB 
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combustion air 


biomass 


combustor 


carrier gas (steam, CO2) 


OLGA TAR REMOVAL
www.dahlman.nl
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TORREFACTION
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heat flux sensor deposit ring


g







14


Conclusions BioSyngas systems 


A t h d• Any system has pros and cons


• No simple choices to make 


• Robust developments needed


• Most BioSyngas systems are “capture ready”


• Making BECCS viable from 20 €/ton CO
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• Making BECCS viable from 20 €/ton CO2


Questions


More information:
Bram van der DriftBram van der Drift


e: vanderdrift@ecn.nl P.O. Box 1
t: +31 224 56 4515 NL-1755 ZG Petten
w: www.ecn.nl the Netherlands


publications: www.ecn.nl/publications
fuel composition database: www.phyllis.nl
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tar dew point calculator: www.thersites.nl
IEA bioenergy/gasification: www.ieatask33.org 
Milena indirect gasifier: www.milenatechnology.com
OLGA tar removal: www.olgatechnology.com
SNG: www.bioSNG.com and www.bioCNG.com
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Carbona is a biomass gasification technology based company supplying plants for 
various applications
Andritz Oy (Finnish subsidiary of Austrian based Andritz Group) acquired 
ownership in Carbona Inc. gradually from 2006
Andritz is one of the leading suppliers in P&P industry and has also biomass CFB 
gasification background from 1980’s as Ahlstrom Machinery Oy, Pyroflow
Carbona has developed BFB biomass gasification technology since 1996
ANDRITZ Carbona now offers plants on combined ANDRITZ Carbona technology, 
for both BFB and CFB gasification technologies


ANDRITZ Carbona
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ANDRITZ Carbona Delivery Portfolio for Gasification


Belt and Drum DryersEquipment for Biomass
Preparation and Handling


Gasifier Gas Cleanup
and Combustion
• Gas cooling, filtering


• Tar reforming, scrubbing


• Gas burners


BFB Gasifiers
- high pressure, air/oxygen


CFB Gasifiers
- atmospheric


BFB Gasifiers
- low pressure, air


Clean gas to
• engines
• boilers


10 – 50 MWth


10 – 150 MWth


• diesel
• ethanol
• gasoline
• SNG


• IGCC


<150 MWth


• air blown
• for boilers


and kilns
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Feasible Fuels  


Bark, wood residues
Forest residue
Wood chips, pellets 
Saw dust


ANDRITZ Carbona offers gasification
plants for mainly wood based fuels today.


New fuels like waste, rejects, sludge, etc. 
may require further development work on 
gasification and especially 
on gas cleanup.
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CFB Gasification Technology Basis


Location Year Size/Fuel


Wisaforest 1983 35 MW/ bark/saw dust
Finland


Norrsundet Bruk 1985 25 MW/bark/saw dust 
Sweden


ASSI 1986 27 MW/bark/saw dust 
Karlsborg Bruk, Sweden


Portucell 1986 17 MW/bark  
Rodao Mill, Portugal


Norrsundet


Wisaforest


Cumulative operational experience exceeds 70 years
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BFB Gasification Technology Basis 
Originally Licensed from the Gas Technology Institute, GTI


GTI Old Pilot Plant Facility, 
Chicago
High Pressure, Oxygen


GTI Pilot Plant, Hawaii
High Pressure, 
Air


GTI New Pilot Plant, Chicago
High Pressure, Oxygen


Old Pilot Plant, Finland
High Pressure, Air


Carbona Gasification
Plant, Denmark
Medium Pressure, Air
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Skive Gasifier/Engine Plant in Denmark 


Gasification


Engines and boilers


Fuel storage


Hot water
accumulator
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GAS ENGINES


BFB GASIFIER 


Bubbling Fluidized Bed Gasification Plant for Engines


Gasification Plant Process:
Carbona air blown, low pressure bubbling fluidized bed gasifier
Limestone based bed material 
Catalytic tar reforming
Gas cooling and filtration
Gas scrubbing 
System pressure 0.5 – 2 barg


Power Plant Process:
3 Gas Engines with heat recovery and  2 Gas Boilers


DISTRICT 
HEATING
11.5 
MWth


POWER
3x2 MWe


GAS FILTER


3 GAS ENGINES


BIOMASS, 28 MWth


2 BOILERS


TO STACK


GAS 
SCRUBBER


GAS BUFFER
TANK


2x10 MWth


AIR/STEAM


TAR REFORMER


GAS COOLERS


Danish Skive CHP-plant flow sheet


(Also demonstration for IGCC and BTL)
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Gas Parameters from Plant Control System


Gasifier temperature 850 C˚


CO ~20% 


H2 ~16%


CO2 ~12%


LHV 4,8- 5,0 MJ/kg


p ~ 0,7 barg


p ~1,2 barg


CH4 ~ 5%
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Operational Experiences after 6500 Operation Hours


Gasifier (pressurized, bubbling fluidized bed, bed material dolomite, 
operated @ 850 °C)


Lock hopper based fuel feed is reliable for wood pellets, wood chips 
not used yet
Gasifier generates stable gas with constant composition and LHV,
plant controlled by district heating network


Tar Reformer (monolith catalysts, operated @ >900ºC, steam/nitrogen 
pulse cleaning)


Reformer temperature control accurate
Reformer pressure drop stable
No soot formation 
Reformer performance is under optimization 


no tar (heavy) found after the reformer
light hydrocarbon and ammonia conversion should be higher


Mechanical improvements during summer break and new catalyst
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Operational Experiences


Gas Filter (bag house filter operated @ 200 ºC, nitrogen pulse cleaning)
Filtration performance is good
Wood pellets generate more dust than expected


Scrubber (gas cooling and water scrubbing @ 200/40 ºC) 
Scrubber removes effectively all remaining hydrocarbons, ammonia and 
submicron dust
Water hydrocarbon level meets environmental requirements, water nitrogen 
content is close to the limits due to NH3 in gas
Scrubber water is disposable


Gas Engines (3x2MW GEJ620)
Gas engines “like” the stable quality gas
Gas ramp filters and valves are clean as new 
Full load (2 MW) operation per engine
Gas engine emissions are under guarantee limits
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General Conclusions


Gasification / gas engine process is complicated for small capacity (below 
10 MWe) CHP plants. Gasification / gas engine process has to be simplified 
e.g. applications based on hot gas engines


Good cooperation with plant owner and crew is essential. The commitment 
and skill of the Skive Fjernvarme staff has been of special importance in 
plant implementation, operation and development
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Simplified Gas Engine Process under Development
Medium Pressure Air Gasification (5-10 bar)


Typical plant size  < 15 MWe


Electrical efficiency 30 – 35%


BIOMASS


ASH


AIR


ASH


POWER


HEAT


FUEL
FEEDING


GASIFIER


GAS COOLER


GAS FILTER


STACK


HEAT RECOVERY


GAS ENGINE(S)


T = 200 °C
P = 5 bara
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Simplified Gas Turbine IGCC Process
High Pressure Air Gasification (15-25 bar) 
Under development for “clean” woody biomass


BED MATERIAL


GASIFIER


CYCLONE


GAS COOLER


FLY ASH


FILTER
CLEAN PRODUCT GAS


GAS
TURBINE


HEAT RECOVERY
STEAM GENERATOR


STACK


STEAM
TURBINE


HEAT PRODUCTION
OR CONDENSER


BOOSTER
COMPRESSOR


AIR


STEAM


AIR


BOTTOM ASH 


NATURAL GAS
WOODY BIOMASS


FUEL
HANDLING
AND FEEDING


Plant size >15 MWe


Electrical efficiency 40 – 45%
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Simplified IGCC, Dream to be Realized to Make 
”Green Scenarios” Possible


IGCC process is a combined cycle process resulting in highest possible electrical 
efficiency for biomass (40-50%) with moderate investment cost
The key components of the biomass IGCC plant concept are of proven conventional 
technology 
Värnamo IGCC (6 MWe) has shown IGCC concept technically feasible
A comprehensive biomass high pressure gasification pilot program was conducted 
1991-2001 by Enviropower/Carbona with success
Pressurized commercial scale 30 MWth gasifier (2-3 bar) has been demonstrated by 
Carbona in Skive, plant physical size corresponds to 150 MWth IGCC gasifier
GT vendors GE and Westinghouse (Siemens) have tested Carbona’s gas in real GT 
combustors – and approved the gas quality, however, very few gas turbines available 
today
Much faster implementation compared to BTL possible
Financing of the project is order of magnitude easier than with BTL
There is “an order” globally and in EU especially for high efficiency power generation 
from biomass
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BFB Gasifier for Synthesis Gas Applications


Ash


Gasifier


(cooling, filtering, 
reforming, etc. )


Biomass


Oxygen


(shift, scrubbing, etc.)


AirOxygen 
Plant


Synthetic
Natural
Gas


Synthesis 
Gas


Biodiesel


Steam


Gasoline


Ethanol


Fischer-
Tropsch


Tigas


Bio-
Fermentation


Methanation


Gas
Processing


Gas 
Conditioning


Pipeline, Gas turbine, etc.


High Pressure Oxygen Gasification


Typical plant size 150 – 450 MWfuel
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Cooperation with the Gas Technology Institute, Chicago


Gasifier Lower Part


(Pressurized BFB, originally for coal, modified for biomass by Carbona)


Gasification Pilot Plant


The Pilot Plant is used to test pressurized oxygen blown gasification and gas cleanup for syngas
production. Wood based fuel selection includes wood chips, forest residues, bark and stumps.
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UPM-Kymmene Biodiesel Project


Catalyst Test Facility 
- to evaluate different catalyst types of different vendors


Mini Bench Scale Unit  
- testing of fuels, 
bed materials,
additives


ANDRITZ Carbona as a partner


Testing Program at GTI


Pilot Plant
- wood chips, bark, logging residue and stump


fuel and their mixtures
- testing of different operation conditions for
related equipment and sub-processes


- testing of different reformer setups and
catalysts


- several test campaigns and set points already
conducted during the program


- long duration testing ongoing
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Gasification Plant
2x150 MWth Fuel Handling


Fischer-Tropsch


Biodiesel Plant Image at UPM-Kymmene Pulp Mill


Plant engineering using testing 
results


Integration into existing sites


Permitting for different sites


Site selection by end 2010
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Project for Green Gasoline From Wood Using  
Carbona Gasification and Topsoe TIGAS Processes 
DOE Recovery Act: Demonstration of Integrated Biorefinery Operations


Demonstration of Thermochemical Conversion of Woody Biomass to Gasoline
At GTI’s Pilot Plant
Plant feed 21 ton/day of woody biomass
Plant to produce 23 BPD of gasoline


Total Program:
• Project value 35 MUSD
• DOE Financing 25 MUSD
• Cost Sharing 10 MUSD


ANDRITZ/CARBONA 
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Recycled
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Project Team 


•


 


Haldor


 


Topsoe


 


is a leading 


 
worldwide supplier of catalysts 


 
and catalytic technology for fuel 


 
conversion and upgrading.  
•


 


Provides:  TIGAS process, syngas


 
ultra‐cleanup and conversion, 


 
overall project management


•


 


Carbona is a supplier of biomass 


 
gasification and gas cleanup plants
•


 


Provides:  fluidized‐bed 


 
gasification, tar reforming, 


 
commercialization of the process


•


 


GTI is owner/ operator of pilot 


 
plant test facility
•Provides:  design, construction, 


 
and operation of pilot plant plus 


 
modeling, data analysis, 


 
commercialization support


•


 


UPM‐Kymmene


 


is one of the 


 
world’s largest pulp and paper 


 
companies with more than 100 


 
production facilities.
•


 


Provides:  collection, handling 


 
and transporting of wood


•


 


ConocoPhillips is a leading oil 


 
refiner & contributor to TIGAS
•


 


Provides: Liquids fuels handling, 


 
transportation and marketing, 


 
sample characterization, pilot 


 
plant design, construction, 


 
operation and scale‐up assistance



http://www.topsoe.com/

http://images.google.com/imgres?imgurl=http://www.wood-ni.com/assets/images/members/gaxvjdrd.jpg&imgrefurl=http://www.wood-ni.com/members/126.aspx&usg=__20C8SYODfu96c4qVkQ1bafJFQQA=&h=110&w=215&sz=5&hl=en&start=9&um=1&tbnid=hG4bx7UUaKJDHM:&tbnh=54&tbnw=106&prev=/images?q=upm+kymmene&hl=en&rlz=1T4DMUS_enUS280US280&sa=N&um=1

http://images.google.com/imgres?imgurl=http://www.fnciba.com/UserFiles/image/ConocoPhillips Logo.jpg&imgrefurl=http://www.fnciba.com/Partners.aspx&usg=__tDaNtbWHbnPNjoLySlUGgGFhd6Y=&h=332&w=940&sz=38&hl=en&start=2&um=1&tbnid=PGCPSPIV30efeM:&tbnh=52&tbnw=148&prev=/images?q=conocophillips+logo&hl=en&rlz=1T4DMUS_enUS280US280&um=1
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Pilot Plant Demonstration Site


GTI Energy & 
 Environmental 


 Technology Campus
Des Plaines, Illinois


1. Advanced Gasification
Test Facility
• Bay 1: Carbona


syngas
conditioning system


• Bay 2: PWR, Coal
Gasification System


• Bay 3: open 5-story
test bay (available for
TIGAS)


2. Flex-Fuel Test Facility
• Carbona biomass


gasification system
3. Morphysorb®


• Absorption/stripping
for CO2 & H2S 
removal


4. SulfaTreat®
• Sorbent-based sulfur


scavenger
5. High-pressure oxygen 


and nitrogen supply
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Legal Disclaimer


All data, information, statements, photographs, and graphic illustrations contained in this presentation are 
without any obligation to the publisher and raise no liabilities to ANDRITZ AG or any affiliated companies, 
nor shall the contents in this presentation form part of any sales contracts, which may be concluded 
between ANDRITZ GROUP companies and purchasers of equipment and/or systems referred to herein.


© ANDRITZ AG 2009. All rights reserved. No part of this copyrighted work may be reproduced, modified or 
distributed in any form or by any means, or stored in any database or retrieval system, without the prior 
written permission of ANDRITZ AG or its affiliates. Any such unauthorized use for any purpose is a violation 
of the relevant copyright laws.
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OptiBtLGas


ERA-Net project


1st February 2008 to 31st January 2010


Aim is reforming of hydrocarbons to increase overall
conversion of biomass to FT products by Austrian partners


CO-Shift in presence of 100-200ppm sulphur by German 
partners
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Catalyst  None Methane‐reformer Aromatic‐reformer Naphta‐reformer


Steam reforming


H2 37,5 40,7 48,8 45,9


CO  23,4 26,7 27,5 30,5


CO2 24 23,4 16,9 16


CH4 10,6 7,4 5,8 6,4


N2 1 1,1 1 1,1


C2H4 3,1 0,6 0 0,1


C2H6 0,2 0,1 0 0


C3H6 0,2 0 0 0


C3H8 0 0 0 0
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Distributed SNG
• Funded by „Klima und Energiefonds“


1st S t b 2009 t 30th A t 2012• 1st September 2009 to 30th August 2012


• Aim is to remove tars and sulphur from the product
gas of a heat pipe reformer (Agnion)


• Removal of tars is done by


• Catalytic reforming


• Hyrotreating


• Removal of sulphur has to be done at 5 bars and
above 300°C
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Catalytic tar reformer
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Mixed alcohols


• Funded by „Klima und Energiefonds“


• 1st July 2009 to 30th June 2012


• Aim is to get fundamental know how in the synthesis 
of mixed alcohols from biomass


• Design, construction and operation of a lab scale 
synthesis for mixed alcohols (5Nm³/h; 50‐200bar; 
catalyst: MoS)


• Conversion of MA to hydrocarbons is planed for
follow‐up project
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Flowchart


Construction is ongoing at the moment
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Project Data FT synthesis
• FT Synthesis was constructed and operated mainly


during the EC project Renew (2004-2007)during the EC project Renew (2004-2007)
• Additional work was done in the national projects


EZ-P4 I and EZ-P4 II
• Simulation and cost estimation was done in the national 


project FT-Treibstoffe


• Now the work is done mainly in the


20


y
Centre of Excellence Bioenergy 2020+
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Summary


 Indirect gasification produces a nice and cheap 
synthesis gassynthesis gas


 At biomass CHP Güssing and now also Oberwart, 
there is about 7000 hours per year synthesis gas 
available for R&D purposes


 Much experience in 
• BioSNG (demo at 1MW), 


• FT synthesis (lab scale) 


• Reforming of hydrocarbons in product gas


 As commercialisation was not fast enough, it looks 
like, that R&D in electric cars is favoured by politics
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Liquid biofuels for transportation in 
Finland


Tuula Mäkinen
VTT Technical Research Centre of Finland


IEA Bioenergy Task 33 Workshop
Espoo, Finland, June 2, 2010
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Liquid biofuels for transportation in Finland


 Background


 Bioenergy in Finland


 Policy and legislation


 Biofuel production


 RD&D activities
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In Finland: high energy consumption – only 1/3 from 
domestic energy sources


Oil 25%


Natural gas 11%


Coal 13%


Nuclear energy 17%


Hydro power 3%


g


Wood fuels 20%


Net imports of electricity 3%


Wind power  0.05 %
 Heat pumps, solid
recovered fuels, other 2% Peat


7% 


i 


Total energy consumption by energy sources 1 469.6 PJ (408.2 TWh)
Source:Energystatistics 2008 E. Alakangas, VTT
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In Finland: versatile electricity production system


Indigenous energy sources 


Nuclear power 24.9% Wind power 0.2%


Other RES 0.3 %


P t 7 7%


Coal 14.4%


Oil 0 5%


Indigenous 
energy 
sources 
33.8%


Peat 7.7%


Wood fuels 10.1%


Hydro power 15.5%


Total electricity production was 90.4 TWh in 2007, 
of which by renewable energy sources 23.6 TWh (26.1%).


Oil 0.5%


Natural gas 
11.3%


Net electricity import 
13.9% E. Alakangas, VTT
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Bioenergy is the most important renewable energy source in Finland


Use of renewable energy sources was 363 725 TJ (101.0 TWh) in 2007,
25% of total energy consumption. The goal is 38% by 2020.


Bioenergy use was 302 621 TJ (84.1 TWh), which is 83% of RES.
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Renewable Energy Sources in Finland 1975-2007 
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Biomass fuels mainly used in combined heat and 
power (CHP) production in the emission trade sector


2007
1999


Use , m3


200 - 500
500 - 1 000
1 000 - 5 000
5 000 - 10 000
10 000 - 50 000
50 000 - 100 000
over 100 000


Kajaani


Rovaniemi


Oulu


Vaasa


Jämsä
Jämsänkoski


Mikkeli


Joensuu


Jyväskylä


MikkeliTampere


Turku


Use of forest residues 0.7 Mm3 in 1999 Use of forest residues 2.7 Mm3 in 2007
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EU Energy Policy Targets and Objectives


Reducing greenhouse gas emissions by at least 20% g g g y
by 2020 (30% if international agreement adopted with 
other countries)


For Finland -16% in the ”non-emission-trade” sector 
(compared to 2005), in the ”emission-trade” sector 
no national targets after 2012


 Improving energy efficiency by 20% by 2020Improving energy efficiency by 20% by 2020


Raising the share of renewable energy to 20% by 2020


 Increasing the level of renewable fuels in transport to 
10% by 2020


Source: http://ec.europa.eu/energy/index_en.htm
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EU Directive on promotion of renewable energy sources 
(2009/28/EC, OJ 5 June 2009)


 Member states should bring into force the necessary laws and 
regulations by 5 December 2010 


 Binding targets


 20% target for the share of renewable energy in total EU 
energy consumption by 2020 -> national targets, for Finland 
38% (the share was 28.5% in 2005)


 10% target for the share of renewable energy in transport


 Biofuels produced from wastes, residues, non-food cellulosic,Biofuels produced from wastes, residues, non food cellulosic, 
and ligno-cellulosic material, contribution considered twice in 
national obligations and in the RES target for transport


 National action plans by 30 June 2010
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EU Directive on promotion of renewable energy sources
(2009/28/EC, OJ 5 June 2009)


 Sustainability criteria for biofuels in transport and liquid biofuels in 
heat and power production


 To implemented also for other biomass use? Commission report 
25 February 2010, recommendations


 Greenhouse gas (GHG) emission savings compared to fossil fuels:


 At least 35%, from 2017 at least 50%, and from 2018 60% for 
biofuels produced in new installations


 Calculation of GHG savings: default values listed for severalCalculation of GHG savings: default values listed for several 
biofuels in the Directive, actual values calculated by the 
methodology presented in the Directive
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EU Directive on the specification of petrol and diesel
(2009/30/EC, OJ 5 June 2009)


 Fuel suppliers should reduce greenhouse gas emissions (GHG) of 
fuels up to 10% (at least 6%) by 31 December 2020, compared to 
the fuel baseline


 reduction can be obtained by e.g. use of biofuels or alternative 
fuels, CCS, Clean Development Mechanism of the Kyoto 
Protocol


 Same sustainability criteria as in the RES Directive


 Fuel specifications:


 FAME limit in diesel: max. 7 volume-%


 Ethanol limit in petrol: max. 10 volume-%
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Biofuels in Finland - Current legislation and policy 
changes being considered


 A biofuel obligation law since 1.1.2008, flexible
 2 energy % biofuels in road transportation fuels in 2008 2 energy-% biofuels in road transportation fuels in 2008
 4 energy-% in 2009 and 2010
 Will be amended in 2010 (to implement EU RED Directive targets)
 The goal of the Government for renewable energy in transportation 


20 energy-% in 2020
 Main biofuels: NExBTL, ethanol (E5, E10 in 2011, E85)


 Fuel tax exemptions for demonstration purposes
 NExBTL high concentration blending to diesel, buses in the Helsinki g g


Metropolitan Area
 ST1 Biofuels RE85


 Renewal of fuel taxation under consideration, force in 2011, to be based 
on fuel quality (exhaust emissions, GHG emissions)
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Biofuel production in Finland
 Neste Oil:


 Hydrogenation of vegetable oils and animal fats 
(NExBTL)
 1st plant in operation since 2007 (170 000 t NExBTL/yr)
 2nd plant in operation since 2009 (170 000 t NExBTL/yr)
 Larger plants under construction in Singapore and 


Rotterdam
 Neste Green Diesel, Neste Green 100 Diesel
 ETBE production capacity 100 000 t/yr, exported


Neste Oil
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Biofuel production in Finland


 ST1 Biofuels: Bioethanol
 Distillation unit in operation in 2008 (22 000 toe/yr)
 Own domestic small-scale production from food 


industry
leftovers (aiming at several small-scale units spread 
around
the country using one distillation unit): 
 1st plant in operation in 2007: 1.5 MLY
 2nd plant in operation in 2008: 1.5 MLY
 3rd plant in operation in 2008: 1.2 MLY
 Two latest ones, operation to begin in late 2009


 RE85 sold at seven stations in Finland


 The combined production capacity in Finland adds 
up to almost 10 energy-% of road transport fuels 
consumption in Finland
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Finnish approach: integration of biofuel 
production to pulp and paper mill


Paper
& l


Wood straw
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New biofuel production technologies – Pilot 
& Demonstration Plants


 Stora Enso & Neste Oil: F-T diesel
 A demonstration plant (12 MW) under A demonstration plant (12 MW) under 


operation at Stora Enso’s pulp mill in 
Varkaus 


 The gasification and gas cleaning 
technology has been piloted at VTT (on 
a 0.5 MW scale)


 UPM & Andritz Carbona: F-T diesel 
 Pilot tests in GTI facilities, USA
 A 20 000 tonne facility to be built in A 20 000 tonne facility to be built in 


UPM’s Kaukas mill


 Fuel company Vapo looking options to invest 
on BTL using peat and forest residues as raw 
material


NSE Biofuels
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New biofuel production technologies – Pilot 
& Demonstration Plants


 UPM: Fibre based ethanol UPM: Fibre-based ethanol
 Pilot tests at VTT
 EU demo project


 St1 looking for new raw material options for their 
ethanol process


 Metso, UPM, Fortum & VTT: Bio-oil by pyrolysis
 Pilot plant (2 MW) in Metso, Tamperep ( ) p


BioRefine – New Biomass Products


 Programme duration: 2007 – 2012


 Programme planned volume: 137 million eurosg p 3


 Further information: www.tekes.fi/biorefine


Copyright © Tekes 12-2009DM
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The goals


 To develop innovative new products, technologies and services based on 
biomass refining and biorefineries


 To strengthen and expand existing biomass know-how in energy and 
forest industry to new areas


 To promote the co-operation between companies from different industrial 
clusters and sectors for innovation


 To activate SME companies to work on niche products and markets


 To promote the commercialisation of the developed products and 
technologies


Copyright © Tekes 


technologies


• Build business competence


• Support pilots and demonstrations


12-2009DM


BioRefine, an umbrella for biorefining studies in 
Finland


 The Tekes BioRefine Programme coordinates and promotes the vision 
and goals of the Finnish biorefinery strategy


 The research programmes related to biorefining by the strategic centres 
for science, technology and innovation will collaborate closely with the 
BioRefine Programme. These are


• Future Biorefinery by Forestcluster Ltd


• Possible biofuel activities by CLEEN Ltd, the energy and environment strategic 


centre for science, technology and innovation


The BioRefine Programme has ide collaboration ith the Biof el


Copyright © Tekes 


 The BioRefine Programme has wide collaboration with the Biofuel 
Development Programme of Ministry of Employment and the Economy
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Contact information


 Programme manager Jukka Leppälahti, Tekes, 
jukka.leppalahti(at)tekes.fi


 Programme coordinator Tuula Mäkinen, VTT, tuula.makinen(at)vtt.fi


 Further information: www.tekes.fi/biorefine


Copyright © Tekes 
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VTT creates business from 
technology





